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 MOSQUITOES ASSOCIATED WITH EQUINE WEST NILE VIRUS CASES IN 
SOUTHEASTERN GEORGIA 
by 
CALVIN HANCOCK 
(Under the Direction of William Irby) 
ABSTRACT 
Mosquito populations associated with equine and avian cases of West Nile Virus 
infections in five counties in southeastern Georgia were sampled in 2003 and 2004.  
More than 10,500 mosquitoes representing over 20 species were collected at 25 sites 
using light traps and vacuum aspirators.  Of these, 8,500 mosquitoes were tested for the 
presence of West Nile Virus, Eastern Equine Encephalitis Virus, and Saint Louis 
Encephalitis Virus in 411 separate pools of 1-50 mosquitoes.  No virus positive 
mosquitoes were detected.  Blood meals from 377 engorged specimens caught at these 
sites were identified as of mammalian, avian, or reptile/amphibian origin using 
serological methods.  Overall, results suggest that Culex nigripalpus was the most likely 
vector of West Nile Virus at rural sites in southeastern Georgia, because of the relative 
abundance of this species and its pattern of blood feeding on both birds and mammals. 
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INTRODUCTION 
West Nile Virus Background 
West Nile Virus (WNV) is a mosquito-borne flavivirus that causes serious 
complications to the central nervous system in some mammal and avian species.  Among 
other mosquito-borne flaviviruses of interest are Dengue virus, Yellow Fever virus, 
Japanese Encephalitis virus and, Saint Louis encephalitis, which is periodically found in 
the southern United States.  However, West Nile Virus is ecologically most similar to 
Eastern Equine encephalitis virus, a togavirus endemic to many areas of the United 
States.  The first isolates of West Nile Virus were discovered in Uganda in 1937 
(Smithburn et al., 1940), but it was not until 1957 in Israel that the virus became 
associated with human meningitis (inflammation of the meninges) or encephalitis 
(inflammation of the brain and spinal cord) (Spigland et al., 1958).  It was not until the 
1960s, in Egypt and France, that equines first exhibited characteristic disease symptoms 
of WNV (Schmidt et al.1963).  In humans, symptoms are flu-like (nausea, headache, 
fever, etc.), but can quickly progress to encephalitis, coma, or death (CDC, 2006).  
Mortality rates among humans are <1%, infection can cause permanent damage to the 
central nervous system, flaccid paralysis or death.  Immuno-suppressed individuals, 
including the elderly and infants, are of particular concern. 
West Nile Virus has spread exponentially across the United States since its 
introduction into the borough of Queens, New York in 1999; since, viral activity (human, 
avian, equine, or mosquito infection) has been reported in 48 states (CDC, 2004; 2006).  
Though the method and exact date of introduction are unknown, possibilities include 
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travel of infected individuals, bird migration patterns, and importation of mosquitoes or 
infected birds (CDC, 1999).   
Equine mortality rates exceed 40%, making this virus a serious threat to horse 
owners and breeders.  There is a commercially available equine vaccine that must be 
administered twice annually.  However, due to the cost, it is often unused or only 
administered to equines considered to be of high value (personal communication from 
landowners). 
West Nile Virus Ecology 
West Nile virus ecology is complex.  There are multiple potential vertebrate 
sources of the virus, including a variety of bird species, and multiple possible mosquito 
vectors.  A general focus of recent work has been attempts to determine which 
vertebrates serve as maintenance and amplifying hosts, and which mosquito species are 
locally important in transmission of the virus to humans and horses.  This transmission 
cycle is initiated when an infected female mosquito transmits the virus to a host (typically 
a bird early during the virus transmission season).  The virus then undergoes an 
incubation period (duration depends on the host), after which the animal becomes 
viremic.  Viremia occurs when an infected organism has a high enough titer of virus in 
the bloodstream to serve as a maintenance or amplifying host for the infection of new 
vectors.  An uninfected mosquito can then imbibe a blood meal from this host and, if 
susceptible, become infected. During spring and early summer, the virus is maintained at 
relatively low levels, and is therefore enzootic, circulating between mosquitoes’ hosts 
that serve to amplify the virus and maintenance hosts.  West Nile Virus is typically 
maintained in avian hosts that survive infection, yet still exhibit the necessary viremia to 
 14 
infect naïve mosquitoes.  The epizootic transmission cycle of the virus occurs when an 
infected mosquito feeds on an organism that is not a competent reservoir host, due to its 
inability to exhibit high enough viremia to become a new source of infection.  Cases in 
humans and horses reflect this part of the virus transmission cycle, with most cases 
occurring in August through October.  Cases virtually disappear after cold weather 
reduces mosquito populations.  
Although there are over 40 species of mosquitoes that have tested positive for 
WNV in the United States, Culex species are thought to be the most important vectors 
(especially members of the Cx. pipiens/quinquefasciatus species complex, but also Cx. 
restuans, Cx. salinarius, Cx. tarsalis, and Cx. nigripalpus).  Culex 
pipiens/quinquefasciatus, a complex of morphologically indistinguishable sister species, 
is considered the main contributing vector complex in most parts of the United States due 
to the large number of WNV positive pools collected throughout the country.  Although 
this species is abundant throughout the United States, it has been infrequently 
encountered in mosquito collections in rural southeast GA where equine WNV infection 
has occurred (only 0.3% of collection totals in the present study).  This leads to questions 
about what local vector species play key roles in transmission cycles in this part of the 
country. 
Vertical transmission is described as the passing of the virus from a female 
mosquito to her offspring though transovarial or transovum means, although this form of 
transmission is virtually unstudied, and thought to be of relatively little importance 
overall in WNV ecology.  There is little information about overwintering mechanisms for 
viral maintenance when mosquito vectors are in diapause.  The few studies investigating 
 15 
this overwintering mechanism have focused on Culex pipiens as the primary vector 
responsible (Nasci et al., 2001).  It has been shown that this persistence is possibly due to 
continued transmission of the virus, as well as vertical transmission (Farajollahi et al., 
2005; Reisen et al., 2006). 
Until recently, humans and equines were considered to be incidental hosts, in that 
they do not exhibit high enough viremia to serve as potential reservoir hosts.  Culex 
species and wild bird populations are primarily responsible for maintenance and 
transmission (Ludwig et al., 2002).  However, a recent study has confirmed the 
possibility of non-viremic transmission (Higgs et al., 2005).  This was determined by 
allowing WNV- infected mosquitoes and uninfected mosquitoes to feed on guinea pigs at 
the same time.  It was concluded that even though hosts were not viremic, infection rates 
could be up to 5.8%.  Though the effect of this process on overall transmission rates is 
unknown, it suggests that infected mosquitoes can serve as a source of infection for 
uninfected mosquitoes feeding on the same mammal concurrently. It is not yet 
understood how this form of transmission is achieved, but the idea has important 
implications involving isolated infections.  
History of West Nile Virus in Georgia 
West Nile Virus did not appear in Georgia until the midsummer of 2001, two 
years after its introduction in Queens, New York.  There were six human cases and 68 
equine reports in the southernmost counties of Georgia and the Atlanta area (CDC, 2001), 
but the virus had not yet reached the central, easternmost counties, and the Savannah 
area.  However, 2002 was overall the biggest outbreak for this part of the state, (Figure 1) 
with 155 equine cases and 44 human cases.  At this time, the majority of counties in the 
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state had reported from 1-11 cases of equine infection, with Bulloch county reporting 11. 
In 2003, equine infections decreased with 58 cases, but human cases have increased to 50 
(Figure 2).  Since 2003, equine cases have declined to 5 in the past two years with human 
cases declining as well (CDC, 2006).   
Based on species collected in rural, southeastern Georgia, Culex nigripalpus, 
Culex erraticus, and Aedes vexans are the most common mosquitoes encountered at sites 
confirmed for equine WNV infections. Although Aedes and Ochlerotatus species are 
efficient laboratory vectors, they are probably not efficient bridge vectors due to their 
strongly mammalophilic host feeding patterns (Turrell et al., 2005).  However, members 
of the genus Culex have also proven to be efficient laboratory vectors.  In the above 
study, the vector competence of various Culex species for the virus was analyzed and it 
was determined that most species within the Culex genus are competent vectors, but 
ranges from highly competent vectors, such as Culex tarsalis, to moderately competent, 
such as Culex nigripalpus. However, although Culex nigripalpus is considered only a 
moderately efficient vector of the virus, it is believed to be as efficient as Culex pipens 
and Culex quinquefasciatus in amplification and maintenance of the virus (Turrell et al., 
2005). 
Study Objectives 
 An important aspect of monitoring and predicting viral occurrence is the study of  
mosquito host-feeding patterns.  There have been numerous studies dealing with these 
patterns in many places in the United States including California (Tempelis and Washino 
1967), Wisconsin (Burkot and DeFoliart 1981), Massachusetts (Nasci and Edman 1981), 
North Carolina (Irby and Apperson 1988), and extensively in Florida (Edman 1971; 
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Edman and Webber 1972; Edman 1974; Edman and Haeger 1977; Edman 1979).  More 
recently, studies have focused on hosts of mosquitoes directly associated with WNV, 
particularly in the northeastern US (Apperson et al., 2001, 2004; Moleai et al., 2006). 
However, studies of this kind have not been performed in Georgia.  Though we tested 
specimens collected in this study for EEE and SLE, we focused on equine WNV-
associated mosquito surveillance in 2003 and 2004 due to the sheer number of equine 
infections reported in 2002 and 2003 in the area.  The study’s central focus was Bulloch 
County, GA (11 equine cases in 2002, 3 equine cases in 2003) and surrounding counties 
reporting equine cases spanning those two years.  These case sites were chosen for the 
study to evaluate vectors more commonly associated with rural farming areas for their 
importance in the WNV cycle through surveillance and host feeding analyses.      
Traditional methods of identifying sources of unknown vector blood meals 
involved the production of antisera to vertebrate serum proteins (Nuttall 1904; Tempelis 
and Washino, 1967).  This method is still used to screen blood meals to vertebrate class 
and for identification to species of unknown mammalian and herp source blood meals 
using Indirect Enzyme-linked Immunosorbent Assays (ELISA) (Burkot, 1981; Irby and 
Apperson, 1988).  However, DNA analysis and PCR-based heteroduplex assays (HDA) 
have been developed to distinguish unknown blood meals from many vertebrates 
(Boakye et al., 1999) and more recently have been employed to distinguish unknown 
avian source blood meals to species (Lee et al., 2002).   Relative mobility of HDA 
products is compared to established standards to identify the species origin.  However, in 
this study, I focused on determining only which types of hosts (mammal, bird, or 
reptile/amphibian) were being utilized.  Such information, although not implicating 
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specific vertebrates, is of value in determining if mosquitoes are feeding on different 
types of vertebrates spatially and temporally, and can be used to implicate mosquito 
species as potential bridge vectors, or species responsible for moving virus from avian 
populations to mammal populations. 
The primary objectives of this study were to collect mosquitoes spatially and 
temporally associated with equine WNV cases to test for viral presence and to establish 
host-feeding patterns of mosquitoes caught in these areas.  These data sets were used in 
an attempt to estimate the contribution of local vector species to viral maintenance, as 
well as epizootic and enzootic transmission cycles.      
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MATERIALS AND METHODS 
Collection Sites 
Mosquito collection was attempted at 25 sites in 5 counties in southeastern 
Georgia where avian or equine cases of WNV had previously occurred (Figure 3).  These 
counties were located in the southeastern portion of the state and included Bulloch, 
Toombs, Candler, Screven, and Emanuel Counties.  Equine cases per county ranged from 
1-11, with 11 cases in Bulloch County, 10 cases in Toombs County, 8 cases in Emanuel 
County, 2 cases in Candler County, and 1 case in Screven County (CDC, 2006).  The 
three avian case sites included were all located within Bulloch County.  Sites ranged from 
rural, small properties where 1-2 horses were owned for recreational purposes to 
livestock breeding farms with up to 60 horses.  The majority of sites had several other 
domestic animals present such as cats, dogs, rabbits, cattle, domestic fowl, and goats 
(Table 11). 
 Collection sites were established based on reports of equine or avian infection 
concurrently and/or one and two years prior to collection.  This was done in order to 
sample populations that would be representative of those present during the period of 
infection, since case information was not made available until several months after 
confirmation.  Site lists and landowner information were received from the Georgia State 
Medical Entomologist (Rosemarie Kelly) and permission to sample on the premises was 
obtained from individual landowners by phone.  Animals located on the premises were 
recorded for later consideration (Table 11) when producing antisera, and selection of 
ELISA positive and negative controls.  
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Collection Methods 
 Samples were collected by use of light traps (American Biophysics, RI, USA), or 
modified CDC-light traps (Model 512; JW Hock Co., Gainesville, FL, USA) as well as 
aspiration using a CDC-modified backpack aspirator (Model 1412; JW Hock Co., 
Gainesville, FL, USA).  Light trapping was conducted concurrently (2004) or for up to 
two consecutive years for cases occurring in 2002 and 2003 after confirmation of viral 
infection.  Light trapping was only conducted from August through October each year, at 
which point temperatures become too low to trap effectively.  This time period also 
encompassed viral confirmation dates at sites the previous year, allowing for sampling of 
the same general populations. Relevant structures at sites were aspirated upon trap 
retrieval and aspiration continued year round on an irregular basis.  All structures 
available were aspirated, with special attention to barns, stables, coops, and animal 
boarding structures.  All samples were packed in dry ice at collection to be transported to 
a -20°C freezer in the laboratory. 
Storage and Separation 
 Unfed mosquitoes were identified to species (Darsie et al., 2003) on a chill table 
and pooled by species, site, date, and collection method in groups of ≤50 individuals.  
These pools (Table3) were then tested for West Nile Virus using VecTest® (antigen 
assay test, Medical Analysis Systems, Inc., Camarillo, CA, USA).  [This test has been 
widely used in the field and laboratory, and has been shown to demonstrate a sensitivity 
level that could be compared to an antigen capture ELISA (Ryan et al., 2003) and has the 
ability to offer distinguishable positive results in a pool of 50 mosquitoes containing only 
1 positive specimen (Ryan et al., 2003).  It has also been compared to RT-PCR and 
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researchers found that RT-PCR was not as sensitive in detection of the virus in dead birds 
as the VecTest antigen-capture (Siirin, et al., 2004).]  Pools containing species associated 
with Eastern Equine Encephalitis Virus (EEEV) and St. Louis Encephalitis Virus (SLEV) 
transmission were also tested for these viruses using the VecTest® antigen assay test. 
 Any bloodfed mosquitoes were identified to species (Darsie et al., 2003)  on a 
chill table, and each blood fed individual was placed in a separate 1.5 mL microtube.  
Samples were then returned to -20°C freezer for later analysis.  Gravid mosquitoes were 
treated as unfed specimens and underwent the viral assay procedures listed above. 
Antisera Production 
 Screening antisera was produced for mammalian, avian, and reptile/amphibian 
source blood meals using New Zealand white rabbits.  Rabbits were intranodally, 
intramuscularly, intradermally, and subcutaneously inoculated with vertebrate serum 
proteins to promote antisera production.  Two each of six rabbits were chosen for 
production of screening antisera for one of three vertebrate groups: mammal; avian; and 
reptile/amphibian.  Sera used for each inoculation was chosen based on its relevance to 
local fauna and importance in representing a broad spectrum of animals within that class.  
For mammals, sera used as antigen included feral pig, eastern cottontail rabbit, raccoon, 
opossum, feline, grey fox, deer, beaver, human, goat, armadillo, bovine, squirrel, dog, 
mouse, and equine.  For avian tests, sera used as antigen included chicken, common 
grackle, blue jay, rock dove, great horned owl, Canada goose, fish crow, quail, barred 
owl, American coot, English sparrow, American crow, boat-tailed grackle, ring-knecked 
dove, turkey, and red tailed hawk.  For reptile/amphibian tests, sera used as antigen 
included gopher tortoise, box turtle, bullfrog, toad, kingsnake, and copperhead.   
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  For antisera production, the first inoculation consisted of 2 mL of Freund’s 
complete adjuvant in the absence of animal sera to promote an immune response.  
Injections were then repeated with animal sera included every 7-10 days.  These 
injections consisted of an emulsion of 1 mL of Freund’s incomplete adjuvant and a 1 mL 
mix of relevant animal sera.  Intranodal injections were given in the axillary and inguinal 
lymph nodes, subcutaneous injections were administered in the neck region, 
intramuscular injections were given in the quadriceps, and intradermal injections were 
given in series parallel to the lower spine.  
 Antisera was highly reactive after 4 or 5 injections with minimal cross reaction 
between avian and reptile/amphibian antisera.  After harvesting antisera (see below) 
cross-reacting antisera were absorbed out using serial dilutions of cross-reactive sera.  
After titration (see below), for blood meal identifcation, avian and reptile/amphibian 
antisera were used at a 1:10000 dilution, and mammal antisera at a 1:4000 dilution as 
established through titration for heterologous and homologous reactivity.  
Titration of Antisera 
 Periodically, a small blood sample (3 mL) was taken from each of the six rabbits 
to evaluate the suitability of antisera for each animal.  Serum and whole blood 
components were then separated by centrifugation.  Specificity of antisera was tested by 
capillary precipitin assay (Tempelis and Lofy, 1963).  Relevant animal sera were diluted 
1:100, 1:1000, and 1:10000 with PBS (pH 7.2).  Whole antiserum was drawn into a 
capillary tube followed by ~20 µL of a diluted animal serum and both ends of the tube 
were clogged with clay to immobilize the precipitin (visible antibody-antigen complex).  
The amount of precipitin was evaluated within 6-8 hours and categorized on a scale of 0-
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5, with 1 being a cloudy appearance at the antigen antibody interface and 5 being a large 
amount of precipitin.  When a rating of at least 2-3 was established with animal sera 
diluted at 1:10000, it was determined that the antisera could be used in the more specific 
ELISA tests. 
Harvesting Antisera 
 Blood was taken from rabbits in volumes of 30-40 mL using a vacuum bleeding 
apparatus.  A small incision was made in the lateral vein of the ear and a glass vacuum 
tube lubricated with PBS (for optimal suction) was placed around the ear.  A vacuum 
pump was then attached to the tube and blood was harvested directly into 75 mL plastic 
centrifuge tubes.  These samples were spun in a centrifuge at 3000 rpm (1800 G) for 45 
min at room temperature to separate whole blood components, and antisera was stored at 
-20° C for later use.  
ELISA Standardization 
 When testing antisera for specificity, 100 µL of known antigen was loaded, at a 
1:1000 dilution in phosphate buffered saline (PBS), pH 7.2, into microtiter plates 
(Immulon I, Dynatech Laboratories, Alexandria, VA, USA) as described in Figure 4.  
The plates were stored at 4°C for 12-18 hours to allow the antigen to bind to the well 
surfaces for titration of homologous and heterologous reactions.  All other procedures 
were conducted at room temperature.  Antisera was then diluted in series from 1:1000 to 
1:32000 to use for testing.  This allowed for us to determine how much the antisera could 
be diluted for actual testing to conserve reactant.  Antigen was then emptied from the 
plates and 200 µL of the first antibody (test antisera) was loaded into the wells as 
described in the next section.  The plates were then covered and placed on a shaker table 
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at slow speed for 2 hours to allow binding to the antigen.  The plates were then emptied 
and washed with PBS Tween-20 three times for five minutes apiece on the shaker table.  
Following the washing, 200 µL of a second antibody (alkaline phosphatase-conjugated 
goat anti-rabbit IgG [Sigma]) was added and allowed to react on the shaker table for 1 
hour.  Finally, the plates were emptied, washed again as described above, and 200 µL of 
a substrate (p-nitrophenylphosphate [Sigma]) was added.  Reactions were then read on a 
spectrophotometer at 405-650 nm (primary wavelength of 650 nm) at 15, 30, and 45 min 
on a V-Max Kinetic Microplate Reader (Molecular Devices Corporation, Menlo Park, 
CA).  Plates were analyzed and readings taken at 30 min were used for blood meal 
identification.    
Blood Meal Identification 
 Mosquito blood meals were classified by degree of digestion on a scale (Sella, 
1920) from 2-6, with 2 being bright red and fully engorged and 6 being a barely visible, 
black streak on the underside of the abdomen.  Whole mosquitoes were then placed in 
individual microtubes with 0.7-1.7 mL of PBS (volume dependent on level of 
engorgement, degree of digestion, and size of the specimen) and ground with sterile 
pestels.  The slurry was then briefly agitated by means of a Vortex© mixer and stored for 
settling at 4° C for 2-14 hours.  Samples were then centrifuged at 10,000 rpm (6000 G) 
for 10 minutes at room temperature to separate extraneous materials.  Finally, 50 µL of 
these samples were loaded in microtiter plates and tested against the three antisera as 
described above (Figure 5).  Positive and negative controls were included on each plate.  
Positive controls included some of the sera used in the making of antisera, as well as 
related animals to insure successful detection of several species within each group (i.e. 
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rodents, passerines, etc.). Negative controls included no antigen, but all of the reagents, 
as well as naïve, unfed mosquito extracts.  Positive identifications were considered to be 
any absorbance values that exceeded at least twice that of the highest negative control 
and also exceeded twice that of the next highest reacting antisera.  
Statistical Analysis 
 Statistical analyses, including paired t-tests of log transformed collection data to 
evaluate total mosquito abundance between the two environments, regression to establish 
effect of Sella Stage and digestion of blood meal on the ability to identify source, and 
Shannon-Weiner indices were conducted using Microsoft Excel spreadsheets.  Shannon-
Weiner indices were computed for all sampling sites and habitats within some sampling 
sites to determine if sites had similar homogeneity of mosquito diversity. 
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RESULTS 
Mosquito Collections 
 During the two year project, 9355 mosquitoes were collected in light traps and 
1400 by aspiration for 10,755 total (Table 1) in a total of 110 successful samples (Table 
2) and 8 unsuccessful collections.  There were 8 different genera and at least 20 species 
(Anopheles spp. and males were not specifically identified due to their low likelihood of 
involvement in virus transmission) represented at the 20 productive sites.  Sites were 
considered productive if at least one mosquito was collected by both methods.  A total of 
20 sites collected mosquitoes by light trapping and 23 by aspiration.  Though CDC-Light 
traps collected more mosquitoes than by aspiration, the proportion of bloodfed and gravid 
mosquitoes was different.  The aspirator collected more bloodfed specimens and a higher 
percentage of bloodfed and gravid specimens. 
Mosquitoes were less abundant in 2003, the first year of collections (Table 1).  
The average number of mosquitoes collected per aspirator sample was 16.7, ranging from 
0-89 mosquitoes in a single aspirator sample.  The average number of mosquitoes 
collected per light trap was 34.5, ranging from 2-297 in a single sample.  In 2004, the 
average number of mosquitoes collected per aspirator sample was 63.4, ranging from 0-
298.  The average number of mosquitoes collected per light trap was 212.8, ranging from 
7-783 in a single sample.    
Culex species comprised the largest portion of collections, accounting for 49% of 
all mosquitoes collected.  Culex erraticus were found in large numbers, comprising 18% 
of total collected specimens and 36% of the genus total.  Culex nigripalpus was the most 
commonly encountered mosquito species and the most abundant in that it comprised the 
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largest proportion of samples overall.  This species accounted for 28% of total specimens 
collected and 56% of the genus total.  Culex salinarius was also frequently encountered, 
comprising 3% of total collected specimens and 6% of the genus total.  Other Culex sp 
found, but in small numbers, included Culex quinquefasciatus, Culex restuans, Culex 
tarsalis, and Culex territans in which each species comprised 0.5% or less of total 
collections and collections within the Culex genus (Table 1). 
 Some Aedes species were also frequently encountered at these sites.  Aedes 
vexans was commonly encountered in low numbers, but numbers collected spiked 
towards the end of the trapping season in 2004, possibly reflecting flood water breeding 
after several rains.  This species comprised 22% of total collected specimens and 94% of 
the genus total.   
Ochlerotatus species were also collected, but in small numbers, and included 
Ochlerotatus canadensis canadensis, Aedes albopictus, and Ochlerotatus triseriatus, 
which accounted for less than 2% of total mosquitoes collectively.  Only two 
Ochlerotatus spp., recently seperated from the genus Aedes, were collected.  However, 
Ochlerotatus atlanticus was abundant and common (comprising 8% of total specimens 
and 99% of the genus total).  The other species collected was Ochlerotatus fulvus pallens, 
accounting for 1% of the genus total).         
Psorophora species were also encountered in many collections, but in small 
numbers per collection.  Psorophora columbiae was the most abundant species collected 
in this genus, comprising 70% of the genus total.  Species within this genus found in 
small numbers were Psorophora ferox and Psorophora ciliata.  
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Other species of mosquitoes collected included Culiseta melanura (comprising 
0.3% of total specimens), Coquilletidia perturbans (comprising 3% of total specimens), 
Uranotaenia sapphirina (comprising 0.07% of total specimens), and Anopheline 
mosquitoes (comprising 9% of total specimens).  Anopheline mosquitoes were not 
counted by species, but the most common were Anopheles punctipennis, An. crucians, 
and An. quadrimaculatus, including more than one member of the An. quadrimaculatus 
species complex.  Male mosquitoes were also not identified, but comprised 4% of the 
total specimens. 
Virus Testing 
Of the mosquitoes collected, 8,947 individuals in 451 pools (Table 3) were tested 
for WNV.  Of these tested, several pools were also tested for EEE and SLE.  Pools 
chosen for SLE and EEE testing were based on reported vector competency and 
likelihood of involvement in transmission rates.  A total of 53 pools were evaluated for 
SLE and 201 pools for EEE.  Mosquito species evaluated for both SLE and WNV tests 
were: Ae. albopictus; Cx. nigripalpus; Cx. restuans; Cx. territans; Oc. triseriatus; and 
Ps. columbiae.  Mosquito species evaluated for WNV, SLE, and EEE tests were: Ae. 
vexans; Cx. erraticus; Cx. nigripalpus; Cq. perturbans; Cx. quinquefasciatus; Cx. 
salinarius; Cs. melanura; Oc. atlanticus; Oc. canadensis canadensis; Oc. fulvus pallens; 
and Ur. sappharina.  All other species collected were only evaluated for the presence of 
WNV.  All pools tested were negative for all three viruses. 
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Mosquito Abundance and Diversity Patterns 
Mosquito abundance patterns (Figures 6-8) indicated a steady abundance in the 
early, colder months of 2004 and an irregular distribution in the late summer and fall 
months (Aug-Nov) when the equine infections occurred.  However, there was an increase 
in mosquito collection numbers in mid to late June.     
 A Shannon-Weiner index indicated that mosquito diversity between sites varied 
with location (Table 4). This suggests that sites were heterogenous in relation to mosquito 
populations and assemblages of different species.  However, Culex nigripalpus  was 
encountered at all sites, and in both natural and human altered environments (animal 
facilities).  In contrast, Culex quinquefasciatus was not encountered at the 10 evaluated 
sites in the 23 that were sampled by light trapping.  Culex quinquefasciatus was 
uncommon in all collections and by both collections methods.  Aedes vexans was 
collected in high numbers in 2004, but was not encountered evenly (most were collected 
from 2 sites in only a few light trapping sessions).  A total of 949 individuals were 
collected from Screven County at 1 site in 1 trapping night.   
 Environment type was evaluated (Table 5) where site layout allowed for trapping 
in a forest type ecosystem versus a human altered ecosystem (stables or animal housing 
structures).  Diversity and species evenness was generally lower in the natural type 
ecosystem in 7 of the 10 evaluated sites and very similar in the other 3 which may 
suggest that these environments offer a greater variety of feeding sources for a variety of 
transient mosquito species.  It appears that these environments are not preferred breeding 
sites due to the low numbers of male mosquitoes encountered (3% of collections in 2003 
and 5% of collections in 2004) .  Overall mosquito abundance was not significantly 
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different between stables and woodland environments (df=9, p>0.05).  Abundance of 
Culex nigripalpus was also not significantly different between the two environments 
(df=9, p>0.05). 
Blood Meal Identification 
 A total of 490 blood meals were evaluated against the three antisera types (Table 
6).  Of all tested blood meals, 380 (approximately 78%) were positively identified to one 
of the three groups.  Overall, 339 of the meals were identified as being of mammal origin, 
35 were identified as being of avian origin, and three were identified as being of 
reptile/amphibian origin.  Regression indicated that the ability to successfully identify 
blood meals at greater degrees of digestion decreased more significantly with mammal 
(slope=-26.6, p<0.05) than with avian (slope=-3.3, p<0.05) sources (Figures 11 and 12).  
Overall success ranged from 80-100% at stage 2 and 0-100% at stage 6 (Tables 7-9).  
Blood meal data was also assessed by environment type (Table 10).    
 Within the genus Culex, successful identification of blood meals was high, 
ranging from 66.7-95.2% by species (Table 7).  Overall, 170 (82.5%) of successfully 
identified blood meals were of mammalian origin, 3(1%) were of reptile/amphibian 
origin, and 34(16%) were identified as avian sources.  Culex erraticus was the only 
species to have fed on all three host groups, but mostly fed on mammals. Several Culex 
species fed on avian hosts, though mammal feeding was predominate.  A total of 40% of 
Culex quinquefasciatus blood meals were from birds.  Culex nigripalpus fed on avian 
hosts with less frequency (18%), but were 5 times as abundant as Culex quinquefasciatus. 
Culex salinarious bloodmeals were 25% bird positive and bloodfed specimens were as 
abundant as Culex quinquefasciatus. 
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 Within the genus Aedes, successful identification ranged from 55.6-78.5% (Table 
8).  Overall, 132(99%) of successfully identified blood meals were of mammalian origin 
and 1(1%) were of avian source.  All  5 positively identified blood meals for Aedes 
albopictuus, were mammal. For the 128 positively identified blood meals of Aedes 
vexans, all were of mammalian origin. 
 Within the genus Ochlerotatus, successful identification of blood meals was 
moderate, ranging from 50-66.7% (Table 9).  Within the 12 positively identified blood 
meals of Ochlerotatus and the 1 positive identified blood meal of Ochlerotatus 
canadensis canadensis, all were determined to be from mammalian sources. 
 Blood meals of several other genera were also identified (Table 9).  Successful 
identification of blood meals from Coquilletidia perturbans was 100%, with the 1 
positively identified blood meal determined to be of mammalian origin.  Successful 
identification of blood meals from Culiseta melanura was 50%, with the 1 positively 
identified blood meal determined to be of avian source.  Successful identification of 
blood meals from Psorophora ciliata was 33%, with the 1 positively identified blood 
meal determined to be of mammalian origin.   Successful identification of blood meals 
from Psorophora columbiae was 63%, with the 17 positively identified blood meal 
determined to be of mammalian origin.  Successful identification of blood meals from 
Psorophora ferox was 83%, with the 5 positively identified blood meal determined to be 
of mammalian origin.      
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DISCUSSION 
 Since the introduction of West Nile Virus into the United States, it has become 
increasingly important to understand the ecological roles of key vector species associated 
with virus transmission regionally in order to implement effective control strategies.  
Although Culex quinquefasciatus is considered the most significant vector of WNV in the 
United States, it was rarely encountered at rural sites sampled in southeastern Georgia 
(comprising 0.3% of all female mosquitoes identified). Though blood meal analysis 
revealed patterns expected for viral transmission (20 positively identified blood meals 
with 60% from mammals and 40% from birds), this species was rarely encountered and 
therefore likely to be of lesser importance than other species collected in the study.  It is 
thought that this species is heavily associated with urban areas in the United States and it 
should be noted that these sites were not in the urban environment that this species has 
become associated with concerning transmission. This possibly indicates a change in 
transmission patterns in rural and urban areas, as the majority of WNV positive mosquito 
pools from Savannah and Atlanta were Culex pipiens/quinquefasciatus. 
 Several mosquito species were collected in large numbers, especially during the 
second year of investigation.  Though overall diversity at these sites was variable (Table 
4), there was a general trend in mosquito populations amongst many of them.  Diversity 
indices show that the majority of the sites had higher diversity near stables than in nearby 
woods, though traps collected much smaller numbers.  This trend is most likely due to the 
variety of mosquito breeding habitats provided by these sites coupled with the assortment 
of different available hosts confined to small areas of the property.   
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An increase in the number of Aedes vexans collected in September and early 
October of 2004 accounted for most of that species total numbers (comprising 25% of all 
female mosquitoes identified).  Interestingly, 1683 of the total were trapped at 3 sites, 
with one site producing 954 individuals in one trapping night.  However, it should be 
noted that this species breeds several times per year based on environmental conditions 
and a large portion of land on either side of the site was flooded pine forest at the time, 
which is ideal breeding grounds for this species.  Because this species was only 
encountered in large numbers during the second year of the study and such large numbers 
were found at this one site high numbers might be attributed to environmental conditions 
near the time of collection such as increased rainfall.  Because this species fed 
exclusively on mammals and coupled with the fact that this species was not as commonly 
encountered at different sites and was rarely found the first year of the study, it is less 
likely to be an important bridge vector in rural farming areas in this part of the state. 
 Several Culex species were commonly found at all sites throughout the study 
(Figure 9), with particularly large numbers of Culex nigripalpus and Culex erraticus 
collected.  Culex erraticus was highly abundant and common to the majority of the sites 
(15 of the 20 productive sites and comprising 20.5% of all female mosquitoes, excluding 
Anopheles sp.).  Because of its presence in so many environments and its opportunistic 
feeding patterns, it is possible that this species may be playing a role in viral 
transmission.  The majority of the blood meals were collected from resting mosquitoes 
within the stables.  However, even with a heavy selection for mammal blood meals 
(94.6%), this species was found to have fed on all groups, possibly implicating the 
opportunistic feeding patterns indicated in previous studies.  Culex erraticus  is also 
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known to feed opportunistically on mammals and avian species, as well as on reptiles and 
amphibians.  Studies in several parts of the southeast United states using antisera and 
molecular methods have shown they exhibit diverse feeding patterns ranging from mainly 
birds and mammals to reptiles and amphibians (Cupp et al., 2004; Robertson et al., 
1993).  However, bird feeding behavior was low (3.6% of identified blood meals) in this 
particular study, indicating that these mosquitoes might not be the main bridge vectors in 
these environments due to their low probability of encountering infected birds. 
 Another mosquito species collected at many sites, but found in small numbers, 
was Culex salinarius.  It has been implicated as a possible bridge vector for WNV based 
on its opportunistic feeding behavior between avian and mammalian origins by 
transmitting the virus from viremic birds to mammal hosts (Apperson et al., 2004; Molaie 
et al., 2006; Bernard and Kramer, 2001; Zyzak et al., 2002).   
 Culex nigripalpus was the most common mosquito collected, being found at 17 of 
the 20 productive sites.  However, the three sites in which it was not found produced 9 or 
less mosquitoes throughout the project, suggesting that sites like the majority of those 
examined in this study were good habitats for these mosquito populations and 
representative of the type of populations that would be found at similar sites.  Culex 
nigripalpus was captured using both collection techniques and in extremely high numbers 
(comprising 31.5% of all female mosquitoes, excluding Anopheles sp.).  It was common 
to many of the sites and encountered in the majority of collections, even though diversity 
among sites was very different.  It has been suggested that this species is involved in 
WNV transmission, due to its laboratory competence and being the primary vector of 
SLE in Florida (Sardelis et. al., 2001).  This idea is also supported by its opportunistic 
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feeding patterns.  In 2005, Alencar, et al produced antisera against several serum 
proteins; bird, rodent, human, horse, cattle, capybara, and toad.  This species gave a 
positive result for all species tested.  
There has been recent research conducted to analyze the importance of other 
mosquito species, including Culex nigripalpus, in WNV cycles.  In a sentinel chicken 
study in Florida, this species was responsible for transmission and could be responsible in 
other areas it is common (Godsey et.al., 2005).  Much like Culex quinquefasciatus, this 
species exhibited the proper feeding behavior to be efficient bridge vectors (81.5% 
positive for mammal and 18.5% positive for avian blood meals), but unlike Culex 
quinquefasciatus, was found in large numbers.   It has also been shown in other studies 
that Culex nigripalpus is a bridge vector in the southeastern United States (Kilpatrick et. 
al., 2006) and changes it feeding patterns seasonally from birds in the spring to mammals 
in late summer.  Temporal data from this study also indicates this shift in feeding patterns 
(Figure 11).  Since the equine cases in our study area were confirmed in early fall, this 
might indicate that the enzootic portion of the cycle is maintaining and amplifying virus 
in Culex nigripalpus during the summer.  At the same time, their abundance at these sites 
is increasing towards a yearly peak (Figure 10).  However, their shift in feeding behavior 
to mammalian hosts in late summer allows for larger numbers of infected mosquitoes to 
infect equines and humans.        
Seasonal distribution of mosquitoes showed that there was a peak in overall 
numbers between September and early October (Figure 7).  This pattern was even more 
evident when examining the Culex species distribution within this period (Figure 6), with 
special attention to Culex nigripalpus shown in figure 7.  This offers further evidence 
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implicating this species as a key vector of the virus in that this time period encompasses 
the majority of the viral onset dates reported by local veterinarians.  Even though the bird 
feeding ratio is lower with Culex nigripalpus (18%) than Culex quinquefasciatus (40%), 
we were over 100 times more likely to encounter it.  The abundance of this species, the 
known ability for efficiently vectoring related encephalitis viruses,  and peak numbers 
during infection periods suggests that this species is important to local WNV 
transmission patterns and provides further evidence that it  is involved in enzootic and 
epizootic transmission.  In laboratory studies, Culex nigripalpus was shown to feed on 
their hosts opportunistically, focusing on mammal and avian species. Because many of 
the sites in this study contain domesticated birds, this might increase the likelihood of 
encountering bird blood meals in this species.  Additional testing is necessary to 
determine if the bird blood meals taken by Cx. nigripalpus are from these domesticated 
birds or from passerines or other wild birds that are more likely to be a source of virus.  
Overall, this leads us to believe that members of this and other species are playing 
important roles in viral maintenance and transmission.  Because of the high abundance of 
Culex erraticus and Culex nigripalpus in this area, and due to their host selection, it is 
possible that they are more likely to serve as bridge vectors than previously assumed.  
More investigation involving field collection of unfed Culex nigripalpus and viral testing 
of those mosquito pools is necessary, even though this study indicates appropriate host 
feeding and abundance patterns to serve as a key local bridge vector.                
This project involved the evaluation of several mosquito species implicated in 
other research, and established host feeding patterns of potential bridge vectors through 
blood meal analysis (Figure 14).  Though vector competency and host preference has 
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been studied in the laboratory, behavior in the field is difficult to predict due to high 
amounts of variability in stimuli.  Rural areas provide a variety of animals and breeding 
habitats for mosquitoes, varying the viral ecology from one area to the next.  It remains 
important to study both the basic biology of mosquito populations in the environments in 
which infection occurs, as well as the behavior of different mosquito species within that 
environment.  
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Table 1.  Mosquito collection data from 2003 and 2004 equine West Nile Virus case sites 
in southeast Georgia using two collection techniques. 
Mosquito Species 2003 2004  
 Aspirator Light trap Aspirator Light trap Total 
Culex tarsalis 1 2 0 0 3 
Cx. erraticus 92 253 89 1499 1933 
Cx. salinarius 38 233 12 52 335 
Cx. nigripalpus 22 493 181 2312 3008 
Cx. quinquefasciatus 6 0 27 0 33 
Cx. restuans 5 2 7 2 16 
Cx. territans 4 3 4 0 11 
Cs. melanura 1 1 0 0 2 
Aedes albopictus 16 5 43 45 109 
Ochlerotatus. canadensis 0 0 1 25 26 
Ae. vexans 12 21 78 2248 2359 
Oc. triserietus 0 1 0 12 13 
Oc. atlanticus 0 102 4 758 864 
Oc. fulvus pallens 0 0 0 7 7 
Psorophora ciliata 0 0 1 35 36 
Ps. columbiae 0 10 11 271 292 
Ps. ferox 0 1 4 85 90 
Coquilletidia perturbans 6 7 0 321 334 
Uranotaenia. sapphirina 0 0 6 2 8 
Anopheles spp. 121 100 369 340 930 
Males 48 31 192 105 376 
Total 367 1265 1023 8119 10780 
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Table 2.  Total mosquito collection numbers and average per collection from 2003-2004 
for aspirator and light trap samples. 
 2003 2004 
 Aspirator Light trap Aspirator Light trap 
Total mosquitoes 367 1265 1023 8119 
Total collections 22 20 30 38 
Mosquitoes/collection 16.7 63.3 34.1 213.7 
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Table 3.  Unfed collected mosquitoes pooled by site, species, and collection and tested in 
pools of up 50 individuals for West Nile Virus, Saint Louis Encephalitis, and Eastern 
Equine Encephalitis.  All pools were negative for all viruses. 
Mosquito species 2003 2004 
 Pools Total 
specimens 
Pools Total 
Specimens 
Aedes. albopictus 7 22 18 79 
Ae. vexans 15 32 72 2163 
Culiseta melanura 1 1  1 
Coquilletidia. perturbans 6 13 12 320 
Culex erraticus 24 303 52 1539 
Cx. quinquefasciatus 1 6 3 27 
Cx. nigripalpus 27 500 65 2355 
Cx. restuans 5 3 1 6 
Cx. tarsalis 3 3  3 
Cx. territans 4 6  6 
Cx. salinarius 20 249 12 55 
Ochlerotatus atlanticus 5 102 28 744 
Oc. canadensis   5 24 
Oc. fulvus pallens   3 7 
Oc. triseriatus 1 1 6 12 
Psorophora ciliata   8 33 
Ps. columbiae 4 10 15 256 
Ps. ferox 1 1 10 83 
Uranotaenia sapphirina   3 7 
Totals 124 1246 310 7691 
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Table 4.  Shannon-Weiner index of species evenness for the 15 sites that could be 
productively sampled by CDC-light traps in 2003 and 2004.  “A” denotes an avian case 
site.  S=number of species collected, H=natural log of S, eH=antilog of H.  
Site S H eH 
Bulloch 10 15 1.81 6.08 
Bulloch 6 13 1.74 5.70 
Screven 1 13 1.57 4.82 
Bulloch 3 14 1.48 4.38 
Bulloch 5 13 1.46 4.31 
Bulloch A3 7 1.41 4.08 
Bulloch 1 7 1.29 3.62 
Toombs 1 9 1.24 3.44 
Bulloch 4 6 1.21 3.36 
Toombs 3 8 1.15 3.17 
Bulloch A1 8 1.09 2.96 
Bulloch A2 8 1.05 2.87 
Toombs 4 7 0.93 2.53 
Bulloch 2 4 0.77 2.17 
Toombs 2 4 0.43 1.54 
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Table 5.  Shannon-Weiner index of species evenness for 10 sites that could be 
productively sampled in two habitats by CDC-light traps in 2003 and 2004.  These sites 
where chosen for the ability to compare trapping in a natural environment versus trapping 
at animal housing structures. 
Site Stables Woods 
Bulloch 1 3.68 3.49 
Bulloch 2 2.69 1.48 
Bulloch 3 6.32 3.66 
Bulloch 4 3.32 3.30 
Bulloch 5 3.81 3.80 
Bulloch 10 5.67 5.17 
Screven 1 4.78 4.80 
Toombs 2 1.51 1.54 
Toombs 3 2.53 2.89 
Toombs 4 2.51 2.16 
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Table 6.  Hosts of mosquitoes trapped at equine West Nile Virus case sites in 
southeastern Georgia.   
Mosquito species # tested # identified Mammal Reptile/ 
Amphibian 
Avian 
Culex erraticus 66 57 53 2 2 
Culex nigripalpus 140 105 86 - 19 
Culex restuans 1 - - - - 
Culex salinarius 27 25 20 - 5 
Culex territans 3 2 1 1 - 
Culex quinquefasciatus 21 20 12 - 8 
Aedes albopictus 9 5 5 - - 
Aedes vexans 163 128 128 - - 
Ochlerotatus atlanticus 18 12 12 - - 
Ochlerotatus canadensis 2 1 1 - - 
Coquilletidia perturbans 1 1 1 - - 
Culiseta melanura 2 1 - - 1 
Psorophora ciliata 3 1 1 - - 
Psorophora columbiae 27 17 17 - - 
Psorophora ferox 6 5 5 - - 
Uranotaenia sapphirina 1 - - - - 
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Table 7. Culex species of blood meal analysis identification by Sella stage for mosquitoes 
collected by aspiration and light trapping at equine West Nile Virus case sites in 
southeastern Georgia. 
Species Sella stage # tested # identified 
2 14 14 
3 18 15 
4 10 10 
5 13 10 
Culex erraticus 
 
 
6 11 6 
2 57 56 
3 26 24 
4 13 11 
5 15 5 
Culex nigripalpus 
 
6 29 9 
Culex restuans 6 1 - 
2 7 6 
3 10 10 
4 4 4 
5 2 1 
Culex salinarius 
 
 
6 4 4 
3 1 1  Culex territans 
6 1 1 
2 8 7 
3 10 10 
4 1 - 
5 1 - 
Culex quinquefasciatus 
 
6 1 1 
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Table 8. Aedes and Ochlerotatus species blood meal identification by Sella stage for 
mosquitoes collected by aspiration and light trapping at equine West Nile Virus case sites 
in southeastern Georgia. 
Mosquito Species Sella stage # tested # identified 
3 1 1 
4 2 2 
Aedes albopictus 
 
6 6 2 
2 53 52 
3 44 41 
4 15 13 
5 20 9 
Aedes vexans 
 
6 31 10 
2 7 7 
3 4 2 
4 2 1 
Ochlerotatus atlanticus 
 
 
5 5 2 
2 1 1 Ochlerotatus 
canadensis 3 1 - 
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Table 9. Miscellaneous mosquito species blood meal identifications by Sella stage for  
mosquitoes collected by aspiration and light trapping at equine West Nile Virus case sites 
in southeast Georgia. 
Mosquito species Sella stage # tested # identified 
Coquillettidia perturbans 5 1 1 
3 1 1 Culiseta melanura 
6 1 - 
2 1 1 
4 1 - 
Psorophora ciliata 
 
6 1 - 
2 9 9 
3 2 2 
4 3 3 
5 3 - 
Psorophora columbiae 
 
 
6 10 3 
5 1 1 Psorophora ferox 
6 5 4 
Uranotaenia sapphirina 5 1 - 
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Table 10.  Blood meal identification of key vector species based on habitat type of 
collection.  A=direct aspiration of internal and external structures associated with animals 
at each site with potential bridge vectors and the relative proportion (%) within each 
vertebrate class. M = mammal, A = avian, R/A = reptile/amphibian.  S = Light traps 
placed in the vicinity of the equine stables, W = Light traps placed away from the stables 
in a wooded environment.  Mosquito species are:  CQ – Culex quinquefasciatus; CE – 
Cx. erraticus; CN – Cx. nigripalpus; and CL – Cx. salinarius. 
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Site Habitat Mosquito sp. % M % A % R/A 
CN 100 - - A 
CQ - 100 - 
S CN 100 - - 
 
Bulloch 3 
W CN 100 - - 
CE 100 - - 
CL 100 - - 
CN 71 29 - 
 
Bulloch 5 
A 
CQ 60 40 - 
CE 100 - - S 
CL 100 - - 
CE 100 - - 
 
Bulloch 10 
W 
CN 100 - - 
A CN 100 - - Toombs 2 
W CN 100 - - 
CL 100 - - 
CN 100 - - 
A 
CQ 100 - - 
Toombs 3 
W CN 100 - - 
S CN 100 - - Toombs 4 
W CN 100 - - 
CE 100 - - A 
CN 100 - - 
CE 100 - - 
CL 100 - - 
S 
CN 100 - - 
CE 100 - - 
 
 
 
Screven 1 
W 
CL 100 - - 
Bulloch A2 W CQ - 100 - 
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Table 11. Collection site case information for sites producing positive results during  
blood meal identification with potential bridge vectors and the relative proportion (%) 
within each vertebrate class. M=mammal, A=avian, R/A=reptile/amphibian.  Potential 
hosts listed above; K=canines, B=bovines, C=chickens, G=goats, P=ponies, E=peacocks, 
H=human farmhands, F=felines.  A2 is avian case site. CE:  Culex erraticus; CN:  Cx. 
nigripalpus; CL:  Cx. salinarius; CQ:  Cx. quinquefasciatus.  
Site Potential 
hosts 
No. horses No. horses 
infected 
Potential 
bridge vector 
% 
M 
% 
A 
% 
R/A 
Bulloch 1 KCD 10-20 1 CN 93 7 - 
CL 50 50 - 
CN 20 80 - 
 
Bulloch 2 
 
KCPR 
 
2 
 
1 
CQ - 100 - 
CE 100 - - 
CN 100 - - 
 
Bulloch 3 
 
KB 
 
5 
 
3 
CQ - 100 - 
CE 100 - - 
CL 100 - - 
CN 82 28 - 
Bulloch 5 KBCGE 8 1 
CQ 60 40 - 
CE 96 2 2 
CL 100 - - 
 
Bulloch 6 
 
G 
 
3 
 
1 
CN 100 - - 
CE 100 - - 
CL 100 - - 
 
Bulloch 10 
 
KF 
 
40-50 
 
1 
CN 100 - - 
CL 100 - - Toombs 1 BKH 15 1 
CN 50 50 - 
Toombs 2 K 1 1 CN 100 - - 
CL 100 - - 
CN 100 - - 
 
Toombs 3 
 
BKH 
 
60 
 
1 
CQ 100 - - 
Toombs 4 KF 4 1 CN 100 - - 
CE 100 - - 
CL 100 - - 
 
Screven 1 
 
K 
 
1 
 
1 
CN 100 - - 
Emanuel 1 - 1 1 CE 100 - - 
Bulloch A2 B - - CQ 100 - - 
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Figure 1.  CDC United States Geological survey of West Nile Virus activity in equines in 
Georgia for 2002. 
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Figure 2.  CDC/United States Geological Survey of West Nile Virus activity in equines in 
Georgia for 2003. 
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Figure 3.  Site map of collection points for mosquitoes in Georgia located where equine 
West Nile Virus infection occurred in 2003 and 2004. 
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B B B B B B B B B B B B 
B k+∝b k+∝b k+∝b k+∝b k+∝b k+∝b k+∝b k+∝b k+∝b k+∝b B 
B k+∝r k+∝r k+∝r k+∝r k+∝r k+∝r k+∝r k+∝r k+∝r k+∝r B 
B k+∝m k+∝m k+∝m k+∝m k+∝m k+∝m k+∝m k+∝m k+∝m k+∝m B 
B k+∝b k+∝b k+∝b k+∝b k+∝b k+∝b k+∝b k+∝b k+∝b k+∝b B 
B k+∝r k+∝r k+∝r k+∝r k+∝r k+∝r k+∝r k+∝r k+∝r k+∝r B 
B k+∝m k+∝m k+∝m k+∝m k+∝m k+∝m k+∝m k+∝m k+∝m k+∝m B 
B B B B B B B B B B B B 
Figure 4.  Microtiter plate set-up for specificity tests before blood meal testing.  B=blank, 
k=known antigen (based on antisera to be used), ∝b=anti-bird sera, ∝r=anti-
reptile/amphibian, ∝m=anti-mammal sera. 
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B B B B B B B B B B B B 
+ 1∝b 2∝b 3∝b 4∝b 5∝b 6∝b 7∝b 8∝b 9∝b 10∝b + 
+ 1∝r 2∝r 3∝r 4∝r 5∝r 6∝r 7∝r 8∝r 9∝r 10∝r + 
+ 1∝m 2∝m 3∝m 4∝m 5∝m 6∝m 7∝m 8∝m 9∝m 10∝m + 
+ 11∝b 12∝b 13∝b 14∝b 15∝b 16∝b 17∝b 18∝b 19∝b 20∝b + 
+ 11∝r 12∝r 13∝r 14∝r 15∝r 16∝r 17∝r 18∝r 19∝r 20∝r + 
+ 11∝m 12∝m 13∝m 14∝m 15∝m 16∝m 17∝m 18∝m 19∝m 20∝m + 
B B B B B B B B B B B B 
Figure 5.  Microtiter plate set-up for blood meal testing. Numbers indicate individual 
mosquitoes.  B=blank, +=positive control, ∝b=anti-bird sera, ∝r=anti-reptile/amphibian, 
∝m=anti-mammal sera.  
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Figure 6.  Temporal mosquito abundance from aspirator collections at equine West Nile 
Virus case sites in 2003, (average number/sample). 
September October November 
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Figure 7.  Temporal mosquito abundance from aspirator collections at equine West Nile 
Virus case sites in 2003, (average number/sample). 
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Figure 8.  Temporal mosquito abundance from CDC-light trap collections at equine West 
Nile Virus case sites in 2003 and 2004 (average number/sample) on a logarithmic scale. 
September October 
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Figure 9.  Seasonal distribution patterns of combined Culex sp. during the 2003-2004 
trapping portions of the project. 
 
 
 
 
 
 
 
 
 
 
 
 
           September      October 
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Figure 10.  Seasonal distribution patterns of Culex nigripalpus during the 2003-2004 
trapping portions of the project. 
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Figure 11. The overall ability to identify mosquito blood meals based on Sella stage 
(degree of digestion). 
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Figure 12.  The ability to identify mosquito blood meals based on Sella stage (degree of 
digestion) by host class.  
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Figure 13.  Seasonal host feeding patterns of Culex nigripalpus during the 2004 trapping 
season.  A shift from feeding strictly on mammals to feeding on both birds and mammals 
is evident. 
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Figure 14. Hosts identified from mosquito blood meals caught at equine WNV case sites 
in 2003 and 2004, one year post infection by aspiration and CDC-Light trapping.  CE:  
Culex erraticus ; CN:  Cx. nigripalpus; CL:  Cx. salinarius; CQ:  Cx. quinquefasciatus; 
EV: Aedes vexans. 
 
